Abstract: Chronic pain in children and adolescents is a growing problem and one that is increasingly being addressed with multidisciplinary treatment teams. This review summarizes different multidisciplinary clinics, focusing specifically on intensive pediatric pain rehabilitation centers. This review offers a summary of the challenges faced by these programs and areas for future study.
Introduction
Chronic pain is a growing problem among children and adolescents, with some epidemiological studies indicating that approximately 30% of children and adolescents experience pain that lasts for 3 months or longer. 1, 2 The most common pediatric chronic pain complaints include migraine, recurrent abdominal pain, and general musculoskeletal pain, including limb pain and back pain. [2] [3] [4] Chronic pain is often associated with functional disability. In the pediatric population this disability most frequently manifests as school impairment, difficulty maintaining social contacts, decreased participation in recreational activities, impairments in health related quality of life, and an increase in health care utilization. [4] [5] [6] As a result, these patients exact high costs on the health care system. Clinch and Eccleston described childhood chronic pain as "a modern public health disaster." 7 This complex health problem requires comprehensive treatment approaches. In recent years, multidisciplinary pediatric pain rehabilitation centers have gained increasing support as the treatment of choice for chronic pain conditions. Multidisciplinary teams typically consist of multiple providers of varying specialties who work together to assess and develop a treatment plan for a patient and his or her family. Typical disciplines include medicine, psychology, physical therapy, occupational therapy, nursing, and psychiatry, sometimes in conjunction with alternative medicine practitioners (eg, acupuncture, massage therapy, etc). This treatment approach should be differentiated from the interdisciplinary model, which is also comprised of several different specialists but who work together under a more fluid structure with flexible collaboration and shared treatment goals, which in the case of chronic pain programs, typically emphasize functional restoration. From this point forward, the term "multidisciplinary" will be used to encompass both treatment approaches.
The intensive multidisciplinary pain rehabilitation approach is based on the biopsychosocial model of pain, which accounts for the complex interplay of the biological, psychological, individual, social, and environmental factors that contribute to and maintain chronic pain symptoms and subsequent disability. Initially created for adult pain patients, these programs have been found to be as cost effective, if not more so, than other medical treatments, and have the added benefit of better outcomes for medication use, health care utilization, functional activities, return to work, and closure of disability claims. 8, 9 This treatment model has begun to gain international favor in the world of pediatrics. In fact, several countries in Europe and certain areas of the United States have begun to mandate that chronic pain be treated with a multidisciplinary approach. However, relatively few of these treatment centers exist worldwide when compared to increasing identification of children suffering from chronic pain. Multidisciplinary centers have large areas of catchment, and families sometimes have to drive long distances to have their child evaluated or treated in one of these centers. 10 This article pursues three main objectives aimed at familiarizing the reader with the multidisciplinary approach to complex pediatric chronic pain conditions. First, we review the experience of chronic pain and associated disability in children and adolescents. Second, we describe existing models of multidisciplinary pediatric pain programs and their effectiveness, focusing specifically on intensive multidisciplinary pediatric pain programs. Finally, we make recommendations for further areas of clinical development and study.
Chronic pain and disability in children and adolescents
Vetter published a clinical profile of patients referred to a chronic pain program in Indianapolis. 11 He found that enrolled patients were primarily female with chronic pain persisting for 1 year or more, and accompanied by clinically significant anxiety or depression. He also found a significantly disproportionate percentage were from a nonintact biological family (when compared to state and national norms), and 95% had previously been under the care of at least one other subspecialist for their pain. Most studies have not looked at demographic profiles in such depth; however, other published reports have also noted the predominant number of females enrolled in these programs. The psychological correlates of chronic pain have been well documented, with several studies showing that children and adolescents with persistent pain express higher levels of anxiety and depression, particularly among girls. 1, [12] [13] [14] [15] Depressive symptoms in pediatric pain have been linked to more school impairment and perception of pain intensity. 16 It has also been documented that adolescents with chronic pain report social deficits compared to their peers. 17 The term "pain associated disability" has been used to describe a chronic pain condition with significant functional impairment, regardless of location or cause. 18 Discrepancies often exist between the actual tissue damage sustained and the perceived severity of the condition or degree of disability. Factors such as poor coping skills and psychosocial and environmental stressors may contribute to behavioral patterns of pain avoidance, ultimately leading to significant functional disability over time. 19 Due to the complex nature of the symptoms, families often seek care from multiple providers over time. Therefore, a biopsychosocial model of treatment found in most multidisciplinary pediatric pain centers has been identified as the treatment of choice for such symptoms and disability because this model encompasses the multidimensional features of the chronic pain experience as it affects both the child and the family.
Multidisciplinary program types
In 1994, the International Association for the Study of Pain published a classification of pain treatment facilities which included multidisciplinary teams. These include modalityoriented clinics, pain clinics specializing in a specific diagnosis or body location, multidisciplinary pain clinics, and multidisciplinary pain centers. The last two include health care professionals who specialize in the assessment and management of patients with a range of painful diagnoses. Pain centers specifically denote research, professional education, and patient care as important components. Members of a multidisciplinary pain team can include physicians (typically anesthesiologists or physiatrists), nurses, psychologists, physical therapists, occupational therapists, recreational therapists, pharmacists, nutritionists, and social workers, among others. The International Association for the Study of Pain curriculum guidelines recommend that the multidisciplinary approach should include appropriate assessment measures for primary domains (including sensory, affective, cognitive, physiological, and behavioral), assess individual factors, sociocultural characteristics of pain, clinical characteristics of pain, impact on quality of life, and impact on daily living. 
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Multidisciplinary pediatric pain management when compared to other previously sought treatments. 21 Schurman and Friesen found that families perceived that multidisciplinary team members demonstrated interest in understanding the child's pain and spent more time providing information and education about chronic pain conditions. 22 These findings are important as patient and parent satisfaction are highly correlated with improved adherence to treatment recommendations.
Intensive multidisciplinary pediatric pain rehabilitation programs
The primary goals of multimodal pain programs in general, and intensive pain rehabilitation centers in particular, are to improve physical functioning and facilitate re-engagement in age typical activities (eg, improving school attendance and social involvement). These intensive rehabilitation programs are being increasingly identified as the treatment of choice for children with chronic pain and associated functional disability and their families. In their worldwide call for an increase in multidisciplinary pain rehabilitation centers, Hechler et al identified the rising rate of chronic pain diagnoses among children and adolescents and the increased health care utilization of these patients as the primary reasoning behind the need for these multimodal programs. 23 Such programs typically target patients who have failed outpatient therapies and continue to seek medical intervention for their chronic pain condition. Common criteria for admission into these programs include the existence of pain related functional disability. There often must be a parent or caregiver willing to participate in treatment. 13, 19 In a study by Simons et al, researchers examined 100 matched participants, 50 of whom were enrolled in an intensive day hospital pain rehabilitation program and 50 of whom pursued standard outpatient treatments following initial multidisciplinary evaluation of their pain problem. 24 Intensive intervention included daily physical, occupational, and psychological therapies in addition to medical monitoring for an average of 3-4 weeks, whereas outpatient intervention was comprised of various combinations of medical treatment, physical therapy, and psychological therapies. While there were improvements across both treatment approaches at discharge, patients enrolled in the intensive pain rehabilitation program had significantly larger improvements in all areas measured, including functional disability, pain-related fear, and willingness to adopt a self-management approach to treating pain.
Exercise therapy with treatment by physical therapy (PT) and/or occupational therapy (OT) is a vital component of each of these programs. A PT/OT approach is used for various musculoskeletal conditions and has been demonstrated to be an integral part of the treatment of complex regional pain syndrome. 25 PT and OT exercises are typically tailored to the individual patient but can include transcutaneous electrical nerve stimulation, aerobic exercise, stretching, progressive weight bearing, tactile desensitization, massage, and contrast baths. The amount of exercise therapy varies across programs, with Sherry et al finding that an intensive exercise program for patients with complex regional pain syndrome receiving 4-6 hours of aerobic, functionally directed exercise and desensitization showed significant improvements. 26 After 2 years, 88% of patients reported being symptom free. However, programs with fewer hours dedicated to exercise have also demonstrated significant improvements in the functional abilities of their patients. 12, 13, 19, 27 In conjunction with physical therapy, psychological therapy is an integral component of the multidisciplinary pain treatment model. Cognitive-behavioral interventions for pain coping and anxiety and behavioral shaping for the expression of pain-related actions are the primary emphasis in treatment for a majority of multidisciplinary pediatric pain programs. The primary goal of cognitive-behavioral therapy (CBT) treatment for pediatric chronic pain is to teach the child self-regulation techniques through the use of strategies such as relaxation (eg, progressive muscle relaxation, biofeedback, and guided imagery) and cognitive strategies (eg, cognitive restructuring, problem-solving, the creation of fear hierarchies, etc) to help these children perceive their pain and its impact as less debilitating. Techniques also include modifying pain behaviors through operant and behavioral principles. 28 Eccleston et al, in their examination of a cognitivebehaviorally based residential program, found that immediate treatment effects after a 3-week program included improved functioning (both objectively and subjectively). 27 After a 3-month follow-up, improvements included a significant decrease in reports of anxiety, catastrophic thinking about pain, disability, and somatic awareness. School attendance also improved at 3 months, with 27 of the 42 patients included in the analyses improving in at least one category of schooling. These results are consistent with other outcome studies of intensive multidisciplinary pain rehabilitation centers. 13, 19, 29 Across programs, delivery models of psychological treatment included individual therapy, group therapy, family therapy, and parent training.
CBT and behavioral modification are the primary theoretical approaches used by these programs; however, 
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Acceptance and Commitment Therapy (ACT) is beginning to emerge as another treatment of choice for patients with chronic pain. ACT focuses on engaging in activities regardless of pain, rather than attempting to alleviate the uncomfortable sensations. In adult studies, patients who received ACT reported better emotional, social, and physical functioning, less medication use, and better work status. 30 Gauntlett-Gilbert et al examined ACT treatment of adolescents with chronic pain in an intensive rehabilitation setting. 31 They found that an acceptance, values-based treatment approach resulted in improvements in self-reports of functioning. At a 3-month follow-up, these same patients increased school attendance, engaged in less pain catastrophizing, and decreased their health care utilization. Simons et al also explored pain acceptance in both children and parents, finding that greater acceptance was negatively associated with protective parent responses to pain, pain catastrophizing, and parent fear of pain. 32 Addressing parental responses to the child's pain is another important component of many of these programs, with a growing evidence base supporting the importance of incorporating parents into the treatment. Most intensive rehabilitation programs recognize and address the role of parental factors in the maintenance and exacerbation of their child's chronic pain condition. Recent studies show that parental responses to their child's pain behaviors (eg, protectiveness, minimization of pain, encouraging and monitoring responses) and parent pain catastrophizing are associated with increased functional disability in the child, school impairment, activity restriction, and willingness to engage in treatment. [33] [34] [35] [36] [37] [38] Early studies show that parents whose children are enrolled in these intensive programs improved in their perception of their child's functional disability, as well as improved their own anxiety, depression, and parental stress scores. 27 Furthermore, parents of children enrolled in these programs were more willing to adopt a self-management approach to pain and reported reductions in their perceptions of their child's fear of pain with treatment. 39 Although each program has the primary goal of functional improvement, disparities exist in the format, organization, and balance of treatment modalities. A primary distinction is that of inpatient versus day hospital treatment models. Outcomes for each appear similar in the literature to date. In comparing Maynard et al and Hechler et al's outcomes from their inpatient treatment programs to day hospital outcomes, each showed significant changes in pain coping and improvements in functional disability. 13, 19, 40 The Cleveland Clinic Children's Hospital's pain rehabilitation program combines an inpatient and day hospital admission for some of their patients based on individual needs; however, no outcomes from this center have been published. Other differences include length of stay and admission of patients by cohort versus a rolling admissions process. For instance the Mayo Clinic and Bath's programs have fixed, 3-week admissions with a group treatment emphasis. In contrast, programs such as those at Boston Children's Hospital and Kennedy Krieger Institute have more flexible length of stay based on the individual needs and progress of the patient. The amount of each therapy a patient receives also varies across programs and across patients within some programs.
Despite the differences that exist among programs, the overall functional improvements documented in published outcomes from these treatment programs are robust and warrant continued examination.
Areas of further exploration
At present, when compared to the plethora of research that exists for adult pain centers, there is a dearth of research on multidisciplinary pediatric pain rehabilitation centers, and as of the writing of this review, there are particularly few studies looking at the processes or mechanisms that account for the successful outcomes of these programs. Areas for future study should include collaborative research between the multiple disciplines involved in the treatment of chronic pain, as no research of its kind exists in the community of these intensive pediatric pain programs. The absence of multidisciplinary findings speaks to a larger issue, which is the need to examine the mechanisms within these programs that account for the significant functional improvements these patients experience. The research shows that patients in intensive multidisciplinary programs experience rapid and significant physiological, psychological, and functional changes; however, there is an absence of research for why this is the case.
At present, intensive multidisciplinary pediatric pain programs remain relatively disconnected, in that collaboration in research between centers is rare. Future research should focus on clinical trials involving multiple centers utilizing similar protocols. 19 Working in partnership to coordinate controlled trials of these treatment centers should be a priority in the coming years.
Perhaps one of the areas to examine in an interprogram collaboration would be the varying levels of multidisciplinary treatment (outpatient, partial hospitalization, inpatient hospitalization) and their efficacy. 
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Multidisciplinary pediatric pain management factors may help better determine the varying necessity in levels of care and provide more individualized treatment for a patient and his or her family. Wager et al identified alarming disparities in regard to parental occupation, socioeconomic status, and education when examining patient travel distances to German pediatric pain clinics. 10 Determining the most efficient and cost-effective way to deliver validated treatment to children with chronic pain and their families could help to create a framework for hospitals around the world to create greater access to multidisciplinary pain centers.
In order to address concerns about catchment areas, Palermo et al have begun a trial of Internet-based interventions for children with chronic pain and their families. This is especially promising as the Internet becomes a growing medium for the delivery of interventions. 41 Content is primarily focused on CBT-based interventions and emphasizes pain management strategies in the context of participating in more age-typical activities. Short-term outcomes are promising, showing reductions in activity limitations and pain intensity at a 3-month follow-up. However, there were no differences in parental protectiveness or child-reported depression, suggesting that these interventions may have limitations in addressing the more significant psychosocial aspects of managing chronic pain. Obviously, it is far more challenging to find ways to deliver physically-focused components of pain rehabilitation in the electronic format.
One of the primary barriers to admission into multidisciplinary pediatric pain rehabilitation programs is insurance approval and/or reimbursement, particularly in the United States. Palermo argued for the cost effectiveness of these programs, reasoning that a 3-week admission is more cost efficient when compared to years of health care utilization that can result from suffering from chronic pain. 42 Long-term outcomes may provide further evidence that these programs are able to mitigate the overuse of health care resources by children and families with chronic pain. However, longterm outcomes (more than 1 year) are largely absent in the research as of the writing of this review. Future studies should examine the outcomes of patients who have participated in a multidisciplinary pain program after several years. Hirschfeld et al recently published the 1-year outcomes from their German pediatric pain center, the results of which show that their 3-week, inpatient pediatric pain rehabilitation program improved patients' pain-related disability and school functioning among 56% of the 167 patients surveyed. 29 To better add to the literature that exists on these intensive programs, Hechler et al highlighted several areas of future direction. 23 They argue that larger sample sizes are needed, and longer-term follow-up outcome data is required to determine the effectiveness of these programs. The growing rate of pain in children and adolescents has created a conundrum for the worldwide medical community, namely how to treat these patients in a way that reduces costs and decreases health care utilization. Based on the literature, multidisciplinary treatment centers and the treatment they provide offer the best hope for these patients. The data is promising for the effectiveness and utility of intensive multidisciplinary pediatric pain rehabilitation centers as a treatment option for those patients who have failed outpatient therapies. Much work is yet to be done in examining the process and best practices among these centers; however, the data that do exist demonstrate that programs such as these are necessary and have helped countless children and their families regain their functioning and resume a healthy developmental trajectory.
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